The intestinal mucosa acts as a barrier against the toxins, antigens, and microorganisms encountered by the enteric route. 1) Dietary proteins are mainly hydrolyzed by luminal enzymes in the gastrointestinal tract, but small parts of them are subsequently absorbed without enough digestion. 2, 3) Even if macromolecules are absorbed, the mucosal immune system inactivates the antigens. 4) On the other hand, it has been reported that allergen permeability through the intestinal tract is enhanced in allergic patients. 5, 6) The exogenous macromolecules absorbed may be pathophysiologically serious, especially in allergy. Thus, suppressing allergic disease would be possible if the allergen uptake could be inhibited. We reported in our previous paper 7) that some peptides that possessed Trp as the N-terminal amino acid residue had high inhibitory activities against allergen permeation through Caco-2 monolayers. This paper describes amino acid ethyl esters and their peptides with inhibitory activities against allergen absorption.
Caco-2 is a human colon carcinoma cell line which mimics the epithelial components of the small intestine. 8, 9) We used the monolayer of Caco-2 cells as a model of the small intestinal tract and OVA as a typical allergen. OVA was labeled with ‰uorescein isothiocyanate (FITC, Sigma, USA) as described by Maeda et al.
10) The reaction mixture was dialyzed against running water overnight, and, after freezedrying, the non-diŠusible fraction was passed through a Sephadex G-50 (Amersham Pharmacia Biotech, Sweden) column (2.5×50 cm) using water as a solvent. The void-volume fraction was freezedried to obtain FITC-OVA. Caco-2 cells (American Type Culture Collection, USA) were grown in Dulbecco's modiˆed Eagle's medium (DMEM, Invitrogen Corp., USA) supplemented with 20z fetal calf serum (Dainippon Pharmaceutical Co., Japan), 1z nonessential amino acids (Invitrogen Corp.), 100 IU W ml penicillin (Wako Pure Chemicals, Japan), 100 mg W ml streptomycin (Wako Pure Chemicals), and 50 mg W ml gentamicin (Wako Pure Chemicals) in a humidiˆed atmosphere of 5z CO2 at 379 C. For permeation assays, Caco-2 cells were seeded at a density of 1×10 5 cells W cm 2 in a Transwell with a polycarbonate membrane (12 mm in diameter, Corning, USA) coated with type-I collagen (Nitta Gelatin, Japan) and then cultured in the culture medium for 14 to 20 days. The basolateral and apical compartments contained 1.5 and 0.5 ml of culture medium, respectively. One day before the measurements, the monolayers were cultured in the presence of an amino acid derivative in the growth medium. Transepithelial electric resistance (TEER) was measured using Millicell-ERS (Millipore, USA) before and after culture with a test sample. Cells were washed twice with Hank's balanced salt solution (HBSS, Invitrogen Corp.). HBSS (0.5 ml) containing both sample and FITC-OVA (0.5 mg) were poured into the apical side and HBSS (1.5 ml) containing only the sample into the basolateral side. The monolayers were incubated at 379 C for 30 min. At the end of the incubation period, the solution in the basolateral side was taken and the concentration of FITC-OVA in the solution was measured by its ‰uorescence intensity using a spectrophoto‰uorome-ter (RF-1500, Shimadzu, Japan) at excitation wavelength of 495 nm and emission wavelength of 520 nm. A similar procedure was done in the absence 7.9±3.4
Permeation assay through the Caco-2 monolayer was done at 379 C for 30 min in the presence of each compound. Values are the means±SEM of more than three assays. *Signiˆcantly diŠerent ( Pº0.05) from the control sample. Inhibitory activity of Trp ethyl ester did not result in a dose-dependant fashion (Table 1 ) and had the highest activity near 10 -6 M. As shown in Table 1 , activities of other amino acid ethyl esters, Phe and Tyr ethyl esters (Wako Pure Chemicals, and Kanto Chemicals, Japan, respectively) were also active at 10 -6 M. In contrast, Leu ethyl ester (Lancaster Synthesis, UK) was not active at the same concentration. Phe-Gly, Trp-Gly, and Tyr-Gly (Sigma) also showed inhibitory activities at 10 -6 M (Table 1) . N-Acetylated Phe, Trp, and Tyr were not active at 10 -6 M. These results indicate that C-masked aromatic amino acid residues are necessary for the activity.
Soderholm et al. 11) reported that OVA was permeated both paracellularly and transcellularly. Since it is widely accepted that transcellular molecular transport through the epithelial cells is energy-dependent, non-speciˆc metabolic inhibitors such as sodium azide or 2,4-dintrophenol have been used for measuring molecular permeation in Caco-2 cells. 12) We found whether sodium azide inhibited OVA permeation through Caco-2 monolayers. As shown in Table 2 , addition of sodium azide at a concentration of 30 mM inhibited OVA permeation, conˆrming that permeation of OVA includes a transcellular route. Addition of both sodium azide and Trp ethyl ester did not show higher inhibitory activity than addition of sodium azide alone (Table 2) . Moreover, Trp ethyl ester did not induce signiˆcant changes in TEER values (data not shown). Therefore, it may be possible that Trp ethyl ester aŠects the transcellular route rather than the paracellular route.
Next, we did test to make clear which routes were suppressed by Trp ethyl ester. FITC-dextran is widely used as a marker of paracellular permeation, whereas horseradish peroxidase (HRP) is a marker of transcellular permeation. 13, 14) Permeation assays of FITC-dextran (0.1 mg W ml, Sigma) and HRP (0.1 mg W ml, Sigma) were done in the same manner as that of FITC-OVA. The amount of permeated FITCdextran was measured ‰uorometrically as in the FITC-OVA, and the permeated HRP was measured by its enzymatic activity using H2O2 (0.016z) and o-phenylenediamine (0.4 mg W ml) in citrate buŠer (pH 5.0). 15) Table 3 shows that Trp ethyl ester inhibited HRP permeation at a concentration of 10 -4 M. On the other hand, Trp ethyl ester failed to show signiˆcant inhibition against FITC-dextran permeation. These results show the possibility that Trp ethyl ester inhibits transcellular macromolecule permeation through Caco-2 monolayers.
In summary, aromatic amino acid ethyl esters and dipeptides with an aromatic amino acid at the Nterminal inhibited permeation of OVA in a model system. It is suggested that Trp ethyl ester inhibits transcellular macromolecule permeation through Caco-2 monolayers. Many food constituents such as aromatic amino acids and their derivatives could also in‰uence the properties of the epithelial barrier and the immune responses to luminal allergens.
